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TRANSFORMER WITH FORCED LIQUID COOLANT 

Cross Reference to Rel ated Application 

This application is a continuation of copending International 
Application No. PCT/DE02/00902 filed March 8, 2002 and claiming a priority date of 
April 4, 2001, which designates the United States. 



Technical Ff ^'d nfthe Invention 

The invention relates to the field of basic electrical components and is 
applicable to the design configuration of a transformer which is provided with guide 
surfaces for guiding the coolant for forced liquid cooling. 



Back ground of the Invention 

Air, oil or - for transformers with superconducting windings composed 
15 of high-temperature superconductor material (HTSL) - liquefied gases are used for 
forced cooling of the windings and of the core, which carries the magnetic flux, in 
transformers. In order to design the cooling to be as effective as possible, a flow path 
is normally specified for the coolant within the sealed tank which holds the core and 
the upper and lower voltage windings which are in each case associated with one 
another concentrically. In a known transformer of this type, the upper and lower 
voltage windings which are in each case associated with one another concentrically 
are arranged in amiular, pocket-like chambers, which are open at the top and thus 
towards the rest of the tank volume. A fiirther chamber, which is annular but is 
designed to be flat, is arranged underneath these pocket-like chambers and is provided 
25 with through-openings to the pocket-like chambers. Fresh coolant flows via an inlet 
into the flat chamber, where it is distributed into the pocket-Uke chambers, rises in 
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them, and then flows into the rest of the interior of the tank before leaving the tank via 
an outlet. In this way, the coolant absorbs heat first of all fi:om the windings and then 
from the magnetic core and the wall of the tank, and finally from the current feeders 
and winding comiections. The walls of the chambers and the surfaces of the core and 
of the tank in this case form guide surfaces for guiding the coolant (US 4,424,502 Al). 

Snmmarv nfthe Inventioii 

Against the background of the transformer, the invention is based on 
the object of influencing the flow of the liquid coolant in order to ensure that all the 
parts to be cooled are cooled as effectively as possible. 

In order to achieve this object, the invention provides for the guide 
surfaces to be arranged such that the coolant flow has two or more flow areas which 
are arranged one behind the other in the flow direction, a first of which is associated 
with the windings, a second of which is associated with the limbs of the core which 
surround the windings. 

A third flow area can be associated with the other upper parts of the 
core and of the wall of the housing. The staggered arrangement of two or more 
specific flow areas for the coolant makes optimum use of the coolant. This use is 
essentially ensured in one design refinement of the invention in that the core, which is 
approximated in steps to a circular cross section, is provided with a binding in the area 
of the windings, forming channels thus forming coolant chamiels between the limbs 
and the binding, which have an approximately triangular cross section. In order to 
allow the coolant to flow through these channels, two windings which are associated 
with one another concenfrically are in each case arranged at a distance both from one 
another and from the core, with the imier of the two windings which are in each case 
associated with one another concentrically being arranged on the outside of a first 
mounting cylinder, and the outer winding being arranged on the inside of the second 
mounting cylinder; fixrthermore, an amiular gap is formed between the first mounting 
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cylinder and the binding, and a first annular chamber on one end face, and the second 
annular chamber on the other end face, are associated with the two windings. In this 
case, the first amiular chamber is connected to the coolant inlet, the two amiular 
chambers are provided with openings which lead into the intermediate space between 
the two windings, and the second chamber is adjacent to the core and is open towards 
the amiular gap and towards the chamiels - if care is also taken in this case to ensure 
that the coolant inlet and the coolant outlet - located opposite one another -are 
associated with the two end faces of the windings, and that the second annular 
chamber is associated with that end face of the windings which faces the coolant 
outlet, then this results in a coolant flow which covers the various areas of the 
transformer in an optimized sequence. 

In order to ensure that cooling chamiels with an adequate cross section 
are formed between the magnetic core of the transformer and the binding that 
surrounds it even at locations in the core where there is a chord-like discrepancy, it 
15 may be expedient to arrange a rod-like spacer, which prevents flattening of the 
bmding, at each of these locations in order to approximate the core cross section and 
the circumference of the binding to a circle. 



10 



Wrief nfiscription nf ♦he Drawings 

20 One exemplary embodiment of the new transformer is illustrated 

schematically in Figures 1 and 2. 

Figure 1 shows a vertical section through a vertically arranged transformer, and 
Figure 2 shows a horizontal section through the arrangement shown in Figure 1. 
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n-Mii-d n«criDtl - Prrferred Fmbodiments 

Figure 1 *ows a ttansfonner which has a tarfcl for holtog the 
eleertcally effective con*one„ts. In the ca.e of an oil-insu,a,ed transformer, the tank 
Iformsteouter housing. Inthe case ofatranstormerwiflr superconducting windings. 

5 the tank forms fl.e inner wall of the thermal insulation. 

The tank contains, inter aUa, the magnetic core 2, which has a lower 
yoke 23, a left-hand limb 21, a right-hand Umb 22 and an upper yoke 24. As shown m 
Ae cross section illustrated in Figure 2, the magnetic core 2 is desired such flrat « has 
au area 27 with a larger rect^gular cross section, and two areas 26 witi, a smaller. Hat 
,0 r^tangular cross section «s results in ti.e core cross section being ^ughly 
approximated to a circular area, with chord-like discrepa^ies ftom the circular cross 
section. These discrepancies fonn flat or right-angled isosceles triangles. 

The two limbs 21 and 22 of the magnetic core 2 each have two 
associated windings 3 and 4, which are arranged at a distance ftom one another 
,5 conoentiically. The inner winding 3 is in tins case also arranged a. a distance ftom ti.e 
core 2 - The winding 3 is located on the outside of a firs, mounting cylinder 5, wtale 
the winding 4 is arranged on the inside of a second mounting cylinder 6. The second 
mounting cylinder 6 may in tins case be forme4 for example, by a bmdmg. 

me windings 3 and 4 extend over a specific lengtt. of tt.e two Umbs 21 
20 and 22. TKe limbs are each provided over approximately the same length w,.h a 
binding 3 which forms a hoUow cylinder that is open at ti.e ends. The 
hollow-cylindrical shape is in this case created by rod-like spacers 9 whtch are 
arranged in those a^as of the core 2 which differ in the form of chords tan die 
circular cross section. The arrangement of d.e binding 8 fom.s chamtels 10 ti>ro»gh 
25 which tt,e coolant m the tank 1 can flow in the manner described farther below. 

At flie ends, the two windings 3 and 4 have a first associated annular 
chamber U. which is provided witi, openings 12 to an annular intermediate space 25 
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which is located between the windings. On the opposite end face, the two windings 3 
and 4 have a second associated annular chamber 13, which is likewise provided with 
openings 14 to the intermediate space 25. The second amiular chamber is in this case 
designed such that the wall 20 extends as far as the core 2, while the wall 16 extends 
only as far as the first winding 3. THe second amiular chamber is thus open towards 
the chamiels 10, and towards the amiular gap 7 which runs between the bindmg 8 and 
the first mounting cylinder 5. 

The tank 1 is provided with a coolant inlet 19. which is arranged at the 
end with respect to the upper yoke 24, and fiom which tubular guides 18 lead to the 
two amiular chambers 11. Hie coolant outlet 19 is arranged underneath the lower yoke 
23 in the tank wall. 

The coolant 20 which is located within the tank is first of all supplied 
via the coolant inlet 17 and the tubular guides 18 to the two first amiular chambers 11. 
From there, the coolant flows, corresponding to the arrows that are shown (in Figure 2 
a distinction is drawn between the arrow head-a circle with a dot-and the arrow 
end -a circle with a cross), via the openings 12 that are provided in the chambers 11 
into the amiular intermediate space 25 between the two windings 3 and 4. Hus 
intermediate space forms the first effective flow area for the coolant, and is bounded 
by guide surfaces. The coolant flows out of the intermediate space 25 via the openings 
14 into the second amiular chamber 13, from where it flows into the chamiels 10 and 
into the amiular gap 7 between the binding 8 and the first mounting cylinder 5. THe 
chamiels 8 and the amiular gap 7 form the second effective flow area. - On leavmg the 
chamiels 10 and the amiular gap 7, the coolant flows into the rest of the intenor of the 
tank 1 with this internal area fomiing the third flow area. As it flows through this 
5 area, it cools in particular the yokes of the core and the tank wall. The coolant then 
flows to the coolant outlet 19. 
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